When treated with toxic agents, individual microbial cells are known to respond in an all-or-none way. When yeast cells are treated with a HgCl2 or CTAB2 solution of an appropriate concentration, some cells have been observed to become "leaky" because of damage to their membrane transport systems, while others remain intact (PAssow and RoTxsTEIN, 1). Suspensions thus prepared will consist of both "leaky" and intact cells (designated hereafter as a "composite" system) in a ratio determined by the amount of HgCl2 or CTAB used per cell.
The all-or-none response of individual cells will be reflected in the dielectric properties, as well as by potassium loss and dye stainability, of suspensions thus prepared.
In preceding papers (SUGIURA, KOGA and AKABORI, 2; SUGIURA and KOGA, 3), the dielectric properties of "leaky" yeast cells were found to be different from those of intact cells. Therefore, the dielectric constant of the "composite" system is expected to have a value dependent on the volume ratio between intact cells and "leaky" cells. Furthermore, a dielectric dispersion curve of the "composite" system will be characterized by two critical frequencies, one of which corresponds to intact cells and the other to "leaky" cells.
The present paper deals with the dielectric behavior of yeast suspensions containing both intact and "leaky" cells, with special regard to the all-ornone response of individual cells to HgCl2.
MATERIALS AND METHODS
Impedance studies were made using yeast cells (Saccharomyces cerevisiae) obtained from Oriental Kobo, Co., Ltd. Treatments of yeast cells were carried out with HgCl2 or CTAB. After being washed several times with distilled water, the treated cells were used for impedance measurements.
Measurements of dielectric constants were carried out on suspensions of treated cells over a frequency range of 1 kc to 2 Mc by the use of lowand radio-frequency bridge circuits (AKABORI, 4). The accuracy of the measurements seemed to be affected by the nature of the sample rather 1 Present address: Institute of Physical and Chemical Research , Bunkyo-ku, Tokyo.
2 Abbreviation: CTAB, cetyltrimethylammonium bromide.
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than by the bridge circuit characteristics.
With the "composite" system, the conductivity change with time was too large to obtain definite values of dielectric constants.
The amount of potassium ions released from yeast cells was determined by flamephotometry.
Volume fraction of suspended cells was calculated from cell number per unit volume of the suspensions and average cell diameters which were determined microscopically.
RESULTS AND DISCUSSION
Leakage of potassium When HgCl2 was introduced into suspensions of intact cells, a leakage n Potassium leakage is shown in Fig. 2 with open circles, where the ordinate represents the relative amounts of released potassium, and the abscissa the logarithm of the concentration of HgC12 used. A sigmoid curve was obtained, as reported by PAssow and RoTxsTEIN (1), indicating that the response of yeast cells to mercury is of an all-or-none type. This fact was also supported by the eosin stainability test. Similar results were also obtained from yeast cells treated with CTAB. The necessary numbers of molecules to induce one-half of the cells to be "leaky" were estimated as 7.0 x 108/cell for HgC12 treatment and 5.7 x 108/cell for CTAB treatment.
Dielectric behavior
The cells of the Hg-treated samples, as prepared in section (1), were used for dielectric measurements after being washed several times with ~.uncentration or rig~.i2 distilled water and resuspended in a 10-3 M NaC1 solution. The measurements were carried out over a frequency range of 2 kc to 15 kc. The value of zero-frequency dielectric constant (so) was estimated as an extrapolated value on the ordinate axis in a plot of s against f'5 where e is the dielectric constant of a cell suspension at a frequency f (SUGIURA, KoGA and AKABORI 3, ONCLEY 5).
In Fig. 2 , the values of (eoi-~o~)/(Eoi-soy) at a volume fraction of 0.1 are also plotted with closed circles against the common abscissa.
Here soi, eon and soc denote the zero-frequency dielectric constants of intact, "leaky" and "composite" suspensions, respectively. The figure shows that, in spite of the instability of the electrical properties of the "composite" samples, the data on dielectric constants fall fairly well on the sigmoid curve obtained in section (1).
When a cell suspension contains both intact and "leaky" cells, the dielectric increment of this "composite" system (eoc-ea) can approximately be expressed at low volume fraction, as
¢e=¢i+¢i,
. The above equations are easily transformed to
where ci and cl are constant, ¢i and ¢~ the volume fractions taken by intact and "leaky" cells, ¢~ the total volume fraction taken by suspended cells, and ~a the dielectric constant of the suspending medium. Fig. 2 shows that the relation (3) is fulfilled.
This result is consistent with the all-ornone response of individual yeast cells to the action of mercury.
This fact also suggests that the zero-frequency dielectric constant (eol) of the "composite" system may allow the volume ratio of intact cells to "leaky" cells to be calculated.
Similarly, a dielectric dispersion curve of the "composite" system is expected to consist of two component curves, one of which is characterized by a critical frequency for intact cells and the other by that for "leaky" cells. Measurements were made to obtain dielectric dispersion curves with the Hg-treated "composite" systems. Unfortunately, no reliable results could be obtained over the frequency range of 10 kc to 2 Mc because of technical difficulties arising from an incessant increase of electrical conductivity of the suspensions prepared.
However, the "composite" systems seemed to exhibit a broader dispersion curve than that characterized by a single critical frequency.
On the other hand, with samples prepared by mixing a suspension of intact cells with a suspension containing only "leaky" cells made by treatment with sufficient amounts of HgCl2, a normalized dispersion curve was obtained, as shown in Fig. 3 . The curve could not be characterized by a single critical frequency.
It seems to be characterized by the existence Behavior of Yeast Suspensions 179 of two critical frequencies. The dielectric behavior of CTAB-treated cell suspensions was not discussed for the same reason as previously described (SUGIURA and KOGA, 3).
In conclusion, it was verified that the all-or-none response of yeast cells to mercury was reflected in the dielectric properties of the suspensions as well as in potassium ion loss and eosin stainability.
The authors are indebted to Miss K. Nunomura for her technical assistance throughout the present work.
SUMMARY
(1) Dielectric behaviors of yeast suspensions containing both intact and "leaky" cells were investigated, with special regard to the all-or-none response of individual cells to HgCl2.
(2) The data on the dielectric constants of Hg-treated samples were explained on the basis of the all-or-none response.
No definite dispersion curves of Hg-treated samples were obtained, but samples seemed to show a broader dispersion than that expected for a sample with a single critical frequency. 
